Enhancing disaster resilience of hazardous communities is increasingly considered as the fundamental objective for the scholars in hazard reduction, mitigation and planning. Despite an agreement among scholars on the need for the accurate assessment of disaster resilience levels, the standard mechanism by which this phenomena could be measured is still controversial. In addition, the aggregation and equally weighted methods to obtain the resilience indicators' scores are still a challenging issue in constructing a set of composite indicators. With this background, this study presents a hybrid factor analysis and analytic network process (F'ANP) model, not only for constructing new disaster resilience indicators in the context of an earthquake hazard, but also to propose a new network process for calculating the weights of extracted dimensions and indicators of seismic resilience.
Introduction
Enhancing the disaster resilience of communities nowadays is increasingly considered as the fundamental objective for scholars in the field of hazard mitigation, reduction and planning [1] [2] [3] . The background history of using resilience in terms of disasters refers to the engineering community in the 1980s [4] . So, after more than three decades, most definitions refer to the ability/capability of social units and communities to resist, mitigate and recover from the effects of a hazard/shock in an efficient and timely manner [5] [6] [7] [8] . Nevertheless, finding common ground on the definition of disaster resilience is very difficult. Some definitions tend to take a long-term perspective and define resilience as a long-term recovery process after a disaster [9, 10] . Maneyna [11] refers to resilience in terms of outcome or with a process perspective. Resilience is considered as an outcome when defined as the ability to bounce back or cope with a hazard event. It becomes more process-oriented when leaning towards the notions of adaption or learning [12] . Although a number of frameworks have been carried out to assess the resilience level of hazardous communities, there is no consensus of how this process should be measured and the debate still continues about the best holistic framework and a standard set of indicators [13] [14] [15] [16] [17] .
Bruneau et al. [2] proposed one of the very different conceptualizations of disaster resilience. The approach emphasizes structural mitigation, in particular, the engineered system concepts of robustness, redundancy, resourcefulness and rapidity. A well-known approach, called Disaster Resilience of a Place Model (DROP), was developed by Cutter et al. [1] . The approach provides a conceptualization for understanding and measuring community-level resilience to natural hazards. In addition, it proposes a mechanism to measure inherent community resilience through the use of composite indicators. The PEOPLE framework is one of the last measuring approaches proposed by Renschler et al. [3] . The approach predisposes a method for defining and measuring disaster resilience in different communities and at various scales. It includes seven main dimensions (represented by the acronym PEOPLES) including a definition of the subsystems for each of these dimensions. Indicator building or identifying a comprehensive set of disaster resilience metrics is a key move towards achieving resilient societies. Resilience is an inherently multifaceted and comprehensive concept and by constructing an indicator set of measurements, an approach explicitly defines what or which aspects of resilience could or should be measured. Cutter et al.'s Baseline Resilience Indicators for Communities (BRIC) is one of the most well-known and widespread examples [13] . The background of BRIC refers to the disaster resilience of a place-based (DROP) model. The proposed composite indicators have been applied in different areas with distinct disasters such as coastal resilience in the southeast United States, a Baseline Situation of the Mississippi Gulf Coast [18] and the Sunshine Coast in Australia [15] .
Although Bruneau et al. [2] and Renschler et al. [3] have developed physical components, such as infrastructures, for seismic resilience, they tend to be discipline-specific and resilience is often limited to a representation of the physical, social and economic dimensions of hazardous communities. Verrucci et al. [19] developed indices that focus explicitly on aspects of disaster seismic resilience, called multi-disciplinary indicators for evaluating seismic resilience. The model has identified five components, including built-in resilience, planning and land-use, continued function or redundancy of critical infrastructure, and resources and social cohesion. Additional indices are Seismic Risk Assessment [20] , Healthy Resilient Communities [9] PEOPLE, and Resilience Capacity Index [21] . However, building composite indicators are usually accompanied by some difficulties [22] . The problem of weight individual indicators and the method of aggregation are mentioned as two important problems in the development of composite indicators [23, 24] . Similarly, Cutter et al. point out that composite indicators produce an aggregate measure of disaster resilience. They also acknowledge that there is "no theoretical or practical justification for the differential allocation of importance across indicators" [13, p. 12] and this argument shows the difficulty in obtaining a single composite index for disaster resilience. Therefore, the hybrid F'ANP model for constructing a seismic resilience index is applied to avoid the aforementioned difficulties in the aggregation of disaster resilience component variables. It considers not only the relative importance of individual dimensions of seismic resilience but also the interdependence of seismic resilience variables in computing their relative weights and thus obtains a seismic resilience indicator score. The main object of this paper is, therefore, to develop a hybrid model to aggregate resilience indicators and to establish a seismic resilience index, combining F'ANP and the validation of the obtained results in one of the most important earthquake-prone megacities.
Methodology
The proposed hybrid model comprises three main phases, as shown in Figure 1 . 
Primary conceptual framework
At the first stage, a literature review was performed to select the primary conceptual framework. Among the most well-known and cited frameworks, the disaster resilience of place (DROP) model and its applied version called Baseline Resilience Indicators for Communities (BRIC) is selected as the primary conceptual framework of this study.
Factor Analysis (FA)
In this stage, the identified variables are standardized and transformed in such a way that an increase in the variable value would correspond to an increase in seismic resilience. Then, by using Factor Analysis (FA), this set of seismic resilience indicators are applied to the identification of the underlying dimensions/components of seismic resilience and their primary variables (see Section 4.1.2).
Analytic network process (ANP)
In order to calculate the relative weights of the seismic resilience indicators, we applied ANP to construct a network model for the results obtained from the FA (second phase). This process includes the following three major steps.
Model construction and problem structuring
The problem should be clearly formulized and decomposed into a rational network framework (see Section 4.2.1).
Pair-wise comparisons matrices and priority vectors
Here, the decision elements at each cluster are compared pair-wise with respect to their importance toward their control criterion and the clusters are also compared pair-wise with respect to their contribution to the main goal [22] . If there are interdependencies among elements of a cluster, pair-wise comparisons are also made to obtain an eigenvector of each element.
Super matrix formation
In order to obtain global priorities in a system with interdependencies, the local priority vectors are entered in the appropriate columns of a super matrix and transformed into a weighted super matrix. The weighted super matrix is raised to the power of a large arbitrary number to make a convergence on the importance weights. The new matrix is called the "limit super matrix" which aims to obtain the final priorities of all the elements in the matrix by normalizing each block of this limit super matrix [25] . In our proposed model, to perform pair-wise comparison between decision elements of the network and identifying the priorities of them, we used the absolute measurements obtained through the FA part of the model instead of expert judgments. This process will be explained in Section 4.2.2.
Case study
Tehran, the capital of Iran, is located in the world's most active seismic belt. So that, in terms of people potentially affected, the city (with 13.6 million inhabitants) is ranked sixth in the world [26] . The Japan International Corporation Agency (JICA) estimated that about 400,000 inhabitants would lose their lives and about 480,000 of total residential buildings would be destroyed in a future major earthquake [27] . According to JICA, the earthquake cycle in Tehran is approximately every 150 years. Since the city has not experienced any major earthquake in the last 170 years, local seismologists warn of the possibility of a large earthquake in the near future. 
Results and discussions

Applying factor analysis (FA)
Selection of seismic resilience indicators
The 27 primary indicators were selected to assess seismic resilience in the case study, as shown in Table 1 . These indicators were standardized and transformed in such a way that an increase in the variable value would correspond to an increase in seismic resilience. The positive related indicators to seismic resilience (see Table 1 
where is the transformed value of the original variable . and are the maximum and minimum values of the original variable . Before applying FA, a multicollinearity check is needed to avoid difficulties in determining the unique contribution of the variables to the extracted factor [28, p. 444] . If its value is greater than 0.00001, there is no multicollinearity factor [28, p. 445] . The Bartlett's Sphere Test shows the appropriateness of the correlation matrix and the Kaiser-Meyer-Olkin (KMO) tests the adequacy of overall sampling. Adequacy of overall sampling is a necessary condition for applying factorial analysis. The Bartlett's Sphere Test ( : 5545, 042; df = 351; p < 0.0001) and the KMO value of 0.72, which is over the accepted cut-off point of 0.50 [22, p. 1340] , proved the suitability of the performed factorial analysis. show that total 62% of the variance are represented with the eight extracted factors as Table 2 . It should be noted that the variable of percent population with health insurance was removed due to a low factor loading value (less than 0.4). A variable is assigned to a specific factor when it has the highest loading with that factor. Therefore, the initial 27 indicators of seismic resilience were reduced to the eight underlying factors. Then an appropriate name was given to the each extracted seismic resilience dimensions/factors based on their primary variables and also the purpose of the study (see Table 2 ). 
Applying the analytic network process (ANP)
Constructing the network model
In the first step, the problem should be clearly decomposed into the analytic network model, as shown in Figure 3 . The first cluster depicts the overall objectives of the study, which is creation of the seismic resilience indicators. The second cluster includes the eight dimensions of seismic resilience extracted from FA. The third cluster involves the primary interdependent variables of the eight dimensions of seismic resilience (Figure 3 ).
Formation of the super matrix and obtaining Indicators weights
The second step after constructing the network is making a pair-wise comparison between the decision-making elements of the network to form a super matrix, as shown in the following:
where is a vector which represents the impact of the goal on seismic resilience (SR) dimensions, is a matrix that denotes the impact of SR dimensions on the variables of SR and is the matrix showing the inner dependence (interdependence) among the SR variables.
As explained in the methodology, the pair-wise comparison matrix for SR dimensions or [A 21 ], is made, based on the amount of variance that each factor (SR dimensions) explains and then the [w 21 ] is calculated. The pair-wise comparison matrix for the variables of each extracted SR dimensions [A 32 ] is obtained using the absolute values of factor loadings for variables of each dimensions (see Table 2 ) and then, the corresponding local priority matrix [w 32 ] is calculated.
To calculation of the interdependency among SR variables, we first calculated the correlation analysis among them. The variables that were significantly related to one another (p=0.01) were considered to be interdependent and, therefore, the pair-wise comparison matrix for interdependent variables or [A 33 ], is constructed using the absolute values of coefficient correlation of these interdependent variables. Then the corresponding local priority matrix or [w 33 ] is obtained. The calculated priority matrices are entered into a super matrix and, therefore, the limit super matrix is obtained, which provides a meaningful weight of influence for each of the 26 indicators (see Table 3 ).
Calculating seismic resilience indicators (SRI) scores
After obtaining the weights of indicators through the ANP model, they are used to compute SRI scores using a type of weighted sum method, as shown in Eq. (3):
where, is the seismic resilience score for neighbourhood " ". is the weights of seismic resilience indicator " " obtained from the ANP limit matrix and is the standardized value of the seismic resilience indicator " " in neighbourhood " ". 
Conclusion and future work
The main purpose of this study was to establish a connective model for disaster resilience assessment using F'ANP and to apply it to 22 urban regions of Tehran, Iran. An amended version of the BRIC developed by Cutter et al. [13] was selected as the primary framework for indicator building. The study particularly scrutinizes the identification form of disaster resilience components and also the methods of indicators weighting. Determining the relative importance or priority of different dimensions of disaster resilience has been become a subject of great dispute [15] . Extracting the disaster resilience dimensions and their priority (total variance explained) through FA has avoided these difficulties. Assessing weights of the dimensions and indicators through ANP also determined that each dimension or indicator has different importance and, therefore, the proposed method has avoided the way that expert's judgments define weight of variables. Therefore, using the two widely used statistical and multi-criteria decision methods, FA and ANP, predisposed the way to reach to the aim of this study. For future work, the proposed framework will be validated through an empirical application in the megacity of Tehran, Iran. results in a GIS map, we will use the standard deviations from the mean which highlight those urban regions that are ranking exceptionally well or poor in terms of their seismic resilience.
